A GROWING LITERATURE HAS used differential rates of cardiovascular procedures as an indicator of potential inequalities in the US health care system. 1, 2 These practice pattern variations, their causes, and their potential implications have been most extensively studied for blacks 3, 4 and women. 5, 6 A number of factors, many paralleling those described for race and sex, 2 might also lead to lower procedure rates among individuals with mental disorders. First, mental disorders are commonly associated with medical comorbidity. 7, 8 Second, chronic mental disorders can be associated with unemployment and low socioeconomic status, 9 which could reduce availability of medical technology through uninsurance or reduced geographic access to tertiary medical centers. Third, the cognitive, affective, and social manifestations of mental disorders might complicate both the process of informed consent and the provision of effective aftercare. Finally, medical providers' discomfort in treating patients with mental disorders might make them reluctant to offer these patients aggressive treatment even when medically appropriate.
There has been little empirical examination of the barriers to medical care faced by individuals with serious mental disorders. 10 Indeed, studies have found that psychiatric symptoms are commonly associated with increased use of medical services. [11] [12] [13] [14] However, this literature has focused on patients with subsyndromal and previously un-detected psychiatric symptoms, who would not be expected to encounter the barriers to medical care seen in pa-tients with serious mental illness. 15 Furthermore, psychosomatic symptoms would be expected to lead to higher costs when patient-perceived need is the main instigator of medical service use. Mental symptoms are less clearly associated with costs of procedures such as diagnostic tests, which are largely based on physician discretion. 16 In this study, we examine the association between presence of a serious mental disorder and use of cardiac catheterization and coronary revascularization for a national sample of Medicare enrollees treated for acute myocardial infarction. We test the hypothesis that, compared with individuals without mental disorders, patients with mental disorders will have lower rates of coronary revascularization procedures after acute myocardial infarction.
METHODS

Sampling Frame
This study was conducted as part of the Cooperative Cardiovascular Project, a project sponsored by the Health Care Financing Administration as part of a continuous quality improvement initiative for Medicare beneficiaries. 17, 18 The Cooperative Cardiovascular Project sample was identified from hospital bills in the Medicare National Claims History File for claims submitted under fee-forservice plans between February 1994 and July 1995. The initial cohort included all patients discharged from acute care hospitals with a principal diagnosis of acute myocardial infarction according to International Classification of Diseases, Ninth Revision, Clinical Modification 19 (ICD-9-CM; code 410). Data reliability was monitored by monthly random reabstractions, with overall variable agreement averaging more than 90%. 20 The study sample was limited to patients 65 years or older with a confirmed acute myocardial infarction, as described previously. 17 Transfers (ie, cases during the study period in which the discharge date of the first hospitalization matched the admission date to a second hospital) were linked to form a continuous episode of care. Patients for whom the initial hospitalization rep-resented a transfer from another hospital were not included in the sample. For patients who were transferred to another institution after the initial admission, procedures performed in the transfer institution were considered part of this "index" hospitalization.
Patients whose records indicated that they were terminally ill or who had donot-resuscitate orders were excluded, since their care would more likely focus on palliation rather than invasive procedures or other aggressive forms of treatment.
Missing Data
Approximately one third of patients did not have information on left ventricular function; missing information for this variable was treated as a separate dummy variable in multivariate analyses. For 3 variables, presence of catheterization, coronary artery bypass graft (CABG) surgery, and angioplasty facilities, data were missing for approximately 8% of the sample; however, there were no statistically significant differences in missing data for these variables between patients with and without mental disorders. For all other variables, less than 1% of data were missing.
Independent Variables
Mental Illness. Admission ICD-9-CM diagnoses identified coexisting mental diagnoses deemed current and ongoing at the time of index admission: (1) schizophrenia (ICD-9-CM codes 295.00-295.99), (2) major affective disorder (ICD-9-CM codes 296.00-296.99), (3) substance abuse and dependence disorders (ICD-9-CM codes 303.00-305.99), and (4) other mental disorders (ICD-9-CM codes 295.00-319.99, which did not fall into the first 3 categories). Organic psychotic conditions (ICD-9-CM codes 290.00-294.99), including dementia and delirium, were not included in analyses, since they imply a medical cause and are associated with uniquely high rates of mortality. 21 Clinical and Demographic Covariates. TABLE 1 outlines a series of variables identified in the literature as clinically relevant to, or predictive of, use of cardiovascular procedures after myocardial infarction. [22] [23] [24] These variables include demographic characteristics, cardiac risk factors, cardiac history, admission characteristics (including use of thrombolytic therapy), and left ventricular function. Hospital and Regional Characteristics. Studies have documented considerable geographic and hospital-based variation in the use of cardiovascular procedures after acute myocardial infarction. [25] [26] [27] [28] Thus, all multivariate models included the following hospital characteristics: number of beds, academic affiliation, for-profit status, and total number of physicians, nurses, residents, and other staff. Presence of on-site catheterization, percutaneous transluminal coronary angioplasty (PTCA), and open heart surgical facilities are all important predictors of cardiac interventions after myocardial infarction [22] [23] [24] 29 ; thus, these variables were also included in all multivariate analyses. Transfer status (commonly, from a hospital without to one with such facilities) was also included in all models. Regional characteristics included as covariates in analyses were as follows: state in which the hospitalization occurred, county population, per capita income, per capita physicians, and per capita hospitals.
Dependent Variables
The primary outcome of interest was likelihood of PTCA or CABG during the index hospitalization. (As described previously, patients who were transferred after admission were considered part of the index admission.)
Because cardiac catheterization is typically the first step in a decision of whether to offer PTCA or CABG, rates of cardiac catheterization and then rates of those procedures after catheterization were also studied. Thirty-day mortality was also examined to better understand how differences in rates of procedures might affect clinical outcomes of care.
Statistical Methods
After conducting bivariate analyses on the independent and dependent variables of interest, logistic regression models were constructed to model the association between mental disorders and use of cardiovascular procedures, adjusting for potential confounders.
First, each procedure of interest (ie, PTCA or CABG) was modeled as a function of mental disorder, adjusting for the demographic and clinical variables outlined in Table 1 and the hospital and regional characteristics outlined herein. Each multivariate analysis was mod-eled first for a summary "any mental disorder" variable and then in a separate model comparing schizophrenia, affective disorders, substance abuse, and other disorders to a group with no mental disorder. Second, a 2-stage set of models was run to examine the odds of cardiac catheterization and revascularization in the subgroup of patients undergoing catheterization.
Finally, a set of equations was used to model 30-day mortality as a function of mental disorders. To examine the pos-sible role played by differing procedure rates on clinical outcomes, mortality was modeled as function of mental disorders with all covariates listed herein and mental disorders (all covariates listed herein) and PTCA and CABG. Again, all analyses were run first with a dichotomous "any mental disorder" variable and in a separate equation that compared the disaggregated mental disorder variable to a group with no mental disorder.
The c-statistic, which represents how well a model discriminates between patients with and without a dichotomous outcome, 30 indicated that the overall regression models were good predictors of catheterization (c = 0.79), revascularization (c = 0.75-0.77), and 30-day mortality (c = 0.91-0.92).
Because odds ratios (ORs) may not provide accurate estimates of relative risk when the outcome of interest is relatively common (ie, greater than 10%), risk ratios were derived from adjusted ORs following the method described by Zhang and Yu. 31 The SAS statistical software package, version 6.12 (SAS Institute Inc, Cary, NC) was used for all analyses.
RESULTS
Characteristics of Patients With and Without Mental Disorders
Of 113 653 patients, 5365 (4.7%) had a secondary diagnosis of a mental disorder. Adjusting for multiple comparisons using the Bonferroni procedure (critical P value .05/25 = .002), patients with mental disorders were more likely to be male and smokers. They were less likely to be discharged home, to have diabetes mellitus, to have a history of a previous myocardial infarction, PTCA, or CABG, or to have received thrombolytic therapy at the time of admission. Using the summary Medicare Mortality Predictor Score, 32 patients with mental disorders had a small but statistically significantly lower risk of mortality at baseline (0.136 vs 0.142, t 113,651 = 3.22, P = .001).
Adjusting for multiple comparisons, patients with mental disorders were significantly more likely to be admitted to hospitals that lacked catheterization, PTCA, or open heart sur- MENTAL DISORDERS AND CARDIOVASCULAR PROCEDURES gery facilities; they were also less likely to be transferred to another facility after admission.
Use of Revascularization Procedures in Individuals With and Without Mental Disorders
In unadjusted models, patients with mental disorders were substantially less likely to undergo PTCA (11.8% vs 16.8%) or CABG (8.2% vs 12.6%) as the remainder of the population (TABLE 2) .
In fully adjusted models, each mental disorder remained associated with a significantly decreased likelihood of revascularization during hospitalization for myocardial infarction (TABLE 3) .
Mental Disorders, Catheterization, and Revascularization
Each mental disorder was associated with a substantial decrease in likelihood of catheterization (Table 3) . Schizophrenia was associated with the greatest reduction in rates of the procedure; patients with this disorder were less than half as likely to undergo catheterization as the rest of the population. Among the group undergoing catheterization, 2 mental disorder categories-substance use and other mental disorders-had statistically significant negative associations with use of procedures (substance use with PTCA and other disorders with CABG). The other diagnoses were not significantly associated with use of procedures, although statistical power for these analy-ses was limited because of the small sample sizes.
Mental Disorders, Revascularization, and 30-Day Mortality
In models adjusted for demographic characteristics, cardiac history, admission characteristics, left ventricular function, and hospital characteristics, there were no significant differences in 30day mortality between patients with and without mental disorders (TABLE 4). In models that additionally adjusted for PTCA and CABG, there remained no significant differences between patients with and without mental disorders.
COMMENT
After myocardial infarction, individuals with serious mental disorders were significantly less likely to undergo cardiac revascularization procedures than those without mental disorders. The difference emerged early during treatment and appeared to be largely explained by differences in rates of referral for cardiac catheterization. These differences were not accompanied by differences in short-term mortality. Contrary to our original expectations, patients with mental disorders were not medically sicker than other patients; in fact, they appeared to be slightly less ill at baseline. However, the relation between mental disorders and lower procedure rates remained robust after adjusting for cardiac risk factors, admission characteristics, and left ventricular function. Therefore, differences in medical morbidity do not appear to explain the low rates of cardiovascular procedures for patients with mental disorders.
Differences in rates of procedures between the 2 groups remained robust in Table 1 and hospital and regional covariates outlined in the text. Relative risk (RR) was calculated from odds ratios (ORs) using the following equation: OR/(1 − P0) + (P0 ϫ OR) where P0 is the rate of procedures among patients without mental disorders. Ellipses indicate referent group. multivariate analyses that adjusted for availability of technology and other hospital and regional factors. All patients were also covered by Medicare Part A. Thus, it is unlikely that differences in insurance status or availability of technology were the primary explanation for the differing rates of cardiac procedures. However, hospitals in which individuals with mental disorders were treated were less likely to have catheterization, PTCA, and CABG facilities. Furthermore, previous studies have demonstrated that patients with mental disorders may have particular difficulties in obtaining and maintaining health insurance. 10 These regional and socioeconomic factors might be expected to further widen the gap in rates of procedures found in this population. Patient preferences have been implicated as contributing to race-based 33 and sex-based 34 differences in use of cardiovascular procedures. For patients with mental disorders, however, preferences may be difficult to distinguish from cases in which cognitive or affective symptoms are leading to a diminished capacity for medical decision making. These differences may be subtle, and thus careful evaluation is warranted when patients refuse treatments that appear to be medically indicated. 35, 36 The cognitive, behavioral, and social manifestations of mental disor-ders might also complicate aftercare for individuals with mental disorders. For instance, major depression has been shown to predict lower cardiac medication compliance 37 and higher dropout rates from cardiac rehabilitation programs. 38 However, these factors would be expected to create difficulties not only for patients who undergo invasive procedures, but also for those who are medically managed. The only way to resolve the potential ethical issues involved in deferring invasive treatments based on these concerns is through the use of explicit standards informed by outcome data rather than implicit assumptions.
A final possibility is that physician bias is leading to lower rates of treatment for individuals with mental disorders. Mental disorders continue to carry stigma in both the general community and medical settings. 39, 40 However, although studies 41 of the physician decision making process have suggested that bias might play a role in cardiovascular procedure rates, other authors 42 have warned about prematurely ascribing those differences to physician bias. This study's results do not make it possible to definitively establish or reject physician bias as a factor contributing to the unexplained differences in procedure rates.
Differences in procedure rates for patients with mental disorders were not ac-companied by an increase in 30-day mortality. Other studies have also found that differences in rates of cardiovascular procedures are not necessarily accompanied by differences in mortality rates. 1, 43 At least 2 explanations have been proposed to explain this type of finding. 44 First, short-term mortality is a relatively blunt indicator of health outcomes, and the differences might still represent a sentinel for other, unmeasured differences in quality or longterm outcomes of care. Second, appropriate rates for these procedures are still not known for the general population and are certainly not defined for specific subgroups who present with unique needs or risks. Randomized trials are needed not only to develop standards of care for the general population, but also to focus on these potentially vulnerable subgroups.
Several limitations should be discussed. Most serious mental disorders in the community go unrecognized and untreated by physicians, 45 and hospital claims data may not identify individuals whose mental health diagnoses have been documented in other settings. 46 Thus, these data provide a better indication of how physicians treat patients based on their perception of mental illness than for estimating the true prevalence of mental disorders in the sample. Second, the sample included only adults 65 years or older. Although the study excluded dementia and other "organic" disorders that are less commonly seen in younger adults, further work is needed to assess the generalizability of the results to younger populations. Finally, we have relatively little information on the clinical decision-making process leading to different procedure rates. Therefore, it is difficult to estimate the relative role played by patients and physicians in determining the differing rates of catheterization and revascularization.
The study leaves a number of important questions unanswered. What are the appropriate rates of use of these procedures in the general population and for patients with mental disorders? What are the implications of these dif- Table 1 and hospital and regional covariates outlined in the text. Values in the final column also adjust for use of percutaneous transluminal coronary angioplasty (PTCA) and coronary artery bypass graft (CABG) surgery. Relative risks (RRs) were calculated from odds ratios (ORs) using the following equation: OR/(1 − P0) + (P0 ϫ OR) where P0 is the rate of procedures among patients without mental disorders. Ellipses indicate referent group.
ferent procedure rates for quality and outcomes, such as long-range mortality, impact on mental illness, and course of cardiac illness? How do these findings generalize to other populations, medical procedures, and systems of care? The findings speak to the potential importance of a research agenda for patients with mental disorders paralleling the literature on race-and sex-based practice variations in medical procedures.
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